The first case of canine endocarditis caused by "Bartonella rochalimae" is reported. By PCR-restriction fragment length polymorphism, sequence, and phylogenetic analyses, Bartonella isolates from a dog with endocarditis, 22 gray foxes, and three dogs, described as B. clarridgeiae like, were confirmed to belong to the new species "B. rochalimae," suggesting canids as the natural reservoir.
The genus Bartonella comprises more than 20 species and subspecies, many of which are agents of zoonoses. Bartonella spp. are usually vector borne, with the vector and reservoir host varying depending on the Bartonella species involved. However, the vector has not been definitively identified for many recently described Bartonella species, nor has the mammalian reservoir (1) . One such new species is "Bartonella rochalimae," which was isolated from a human after her visit to Peru (10) . It is believed that this human was an accidental host for "B. rochalimae," with the reservoir host not yet identified. Domestic dogs, like humans, appear to be accidental hosts of several Bartonella species (1, 3, 7) and may serve as sentinels for human exposure to Bartonella. The first Bartonella species isolated from a dog was B. vinsonii subsp. berkhoffii (5) , which causes most canine Bartonella endocarditis cases (2, 18) and has been associated with at least one human case of endocarditis (25) . Infection of dogs with other Bartonella species, including B. clarridgeiae (8) , B. washoensis (9) , B. henselae (15) , B. elizabethae (19) , and B. quintana (14) , has also been documented. Infection of dogs with Bartonella spp. has been associated with endocarditis (5, 8, 14, 16, 18) , arrhythmias, myocarditis (16) , peliosis hepatis (15), granulomatous lymphadenitis, granulomatous rhinitis (21) , and granulomatous and lymphocytic hepatitis (12) .
Case report. A 9-year-old male, neutered shepherd mix from San Francisco was referred to the University of California, Davis, Veterinary Medical Teaching Hospital for evaluation of lameness and obtunded mentation in January 2000. Blood cultures performed at that time were negative. Echocardiography revealed a hyperechoic vegetative lesion on the right coronary cusp of the aortic valve and severe aortic insufficiency. The lesion was consistent with severe infective aortic valvular endocarditis. The dog (dog 318006) died in August 2000, and DNA was extracted from the damaged aortic valve following necropsy. The Bartonella strain infecting this dog was identified as closely related to B. clarridgeiae (designated B. clarridgeiae-like) based on the PCR-restriction fragment length polymorphism (RFLP) pattern and partial sequencing of the citrate synthase (gltA) gene. The B. clarridgeiae antibody titer was determined by immunofluorescence to be 1:1,024. Further identification of the infecting species was not undertaken at the time (18) .
To further identify this canine strain, Bartonella DNA sequences amplified from the damaged valve were compared with DNA sequences from Bartonella isolates previously found to be closely related to B. clarridgeiae by sequence analysis (10, 13) . Isolates used for comparison included B. clarridgeiae-like isolates from 22 gray foxes (Urocyon cinereoargenteus) and three dogs, described in a previous study (13) , and an isolate from a woman with a history of travel to Peru before the onset of her febrile illness. The Bartonella species infecting the woman was recently described and designated "B. rochalimae" sp. nov. (10) .
PCR-RFLP analysis of the internal transcribed spacer (ITS) region (24) and the gltA (20) , rpoB (23) , and ftsZ (26) genes was performed on DNA extracted from the damaged canine heart valve, as well as on the fox, dog, and human isolates. DNA extraction and PCR vials were set up as previously described (6, 13) . The primers for the rpoB gene were 5Ј-CGCA TTGGCTTACTTCGTATG-3Ј and 5Ј-GTAGACTGATTAG AACGCTG-3Ј. The PCR conditions were 94°C for 10 min; 35 cycles of 94°C for 0.5 min, 53°C for 0.5 min, and 72°C for 1 min; and 72°C for 5 min. The primers for the ftsZ gene were 5Ј-A TTAATCTGCAYCGGCCAGA-3Ј and 5Ј-ACVGADACAC GAATAACACC-3Ј. The PCR conditions were 94°C for 10 min; 44 cycles of 94°C for 0.5 min, 55°C for 0.5 min, and 72°C for 1 min; and 72°C for 10 min. The primers and PCR conditions for the 16S-to-23S ITS region and the gltA gene were previously described (13) . An approximately 400-bp fragment of the gltA gene, an 860-bp fragment of the rpoB gene, a 900-bp fragment of the ftsZ gene, and a 670-bp fragment of the ITS region were amplified and then verified by gel electrophoresis.
The amplified product of the gltA gene was digested with the restriction endonucleases TaqI (Promega, Madison, WI), HhaI (New England BioLabs), AciI (New England BioLabs), and MseI (New England BioLabs). The restriction endonucleases HhaI (New England BioLabs) and AluI (Promega, Madison, WI) were used for digestion of the amplified product of the rpoB gene. Finally, the amplified product of the 16S-to-23S ITS region was digested with the restriction endonuclease HaeIII (Promega, Madison, WI). Banding patterns were compared with B. vinsonii subsp. berkhoffii (ATCC 51672), B. henselae (strain U-4; University of California, Davis), and B. clarridgeiae (ATCC 51734).
PCR products from the gltA, rpoB, and ftsZ genes and the ITS region were purified with the QIAquick PCR purification kit (Qiagen Sciences, Germantown, MD), and both strands were sequenced with a fluorescence-based automated sequencing system (Davis Sequencing, Davis, CA). Raw sequence data were imported into Vector NTI Suite 9.0 software (Invitrogen Co.). A consensus sequence from both strands was obtained and compared with nucleic acid sequence entries in GenBank by using BLASTn (http://ncbi.nih.gov/BLAST/). Sequence variants for each separate gene and for a concatenated sequence of the four gene fragments were then aligned with each other and with relevant sequences from the GenBank database by using AlignX in Vector NTI. A percent similarity table comparing pairs of sequences was also generated after multiple alignments. Phylogenetic trees were constructed for each gene by using both the neighbor-joining and maximum parsimony methods in MEGA version 3.0 (http://www.megasoftware.net) (17) . Bootstrap replicates were performed to estimate the node reliability of the phylogenetic trees, with values obtained from 1,000 randomly selected samples of the aligned sequence data.
PCR amplification of the ITS region and the gltA, rpoB, and ftsZ genes produced fragments strongly suggestive of Bartonella. The molecular banding patterns of all of the isolates and the endocarditis dog strain were identical to each other based on RFLP analysis of the gltA gene, the rpoB gene, and the ITS region. Because the RFLP profiles were identical for the 22 gray fox isolates, only 6 isolates from this group were selected for sequencing of the gltA, rpoB, and ftsZ genes and the ITS region. Parts of these four sequences were also obtained from the three dogs, the canine endocarditis case, and the human "B. rochalimae" isolate. A BLAST search with partial sequences from the ITS region revealed a high degree of similarity with a GenBank entry (accession number AF415211.1) for a nucleic acid sequence from a flea (Pulex sp.) collected from a person in Peru (22) , also reported to be the closest to the human isolate of "B. rochalimae" (10), followed by the sequence of B. clarridgeiae. Sequence data from the Peruvian flea are not available for the gltA, rpoB, and ftsZ genes. The levels of similarity between the Bartonella strains in this study and B. clarridgeiae ranged from 95.5% for the gltA gene to 92.3%, 94.3%, and 76.2% for the rpoB gene, the ftsZ gene, and the ITS region, respectively (Table 1) . Small differences (1 to 4 bp) were observed between two or more genes when the northern California dog and fox isolates were compared with those from the dog with endocarditis and with the human "B. rochalimae" isolate. The ITS sequence from the human "B. rochalimae" isolate was identical to the sequence from the Peruvian flea that was also the closest match to the dog and gray fox Bartonella ITS sequences. No differences were found among or between the rural dog and gray fox isolates from northern California for the four gene fragments. Therefore, a representative sequence was chosen from one of the dog (dog 131) and one of the fox (fox 008) isolates for inclusion in the phylogenetic analysis (Fig. 1) . The tree, constructed from a merged set of concatenated sequences, showed that the dog and gray fox strains cluster together in a distinct group that includes the human "B. rochalimae" isolate and is closely related to B. clarridgeiae (Fig. 1) . A tree was also constructed by using only ITS sequences from the "B. rochalimae" strains, B. clarridgeiae, and B. vinsonii subsp. berkhoffii in order to demonstrate that the Pulex sp. sequence from Peru groups with the human "B. rochalimae" isolate, while the dog and gray fox samples from California cluster together (Fig. 2) .
Discussion. We recently reported the isolation of B. clarridgeiae-like strains from 22 gray foxes and three domestic dogs from northern California (13) . However, PCR-RFLP and sequence analyses of the gltA, rpoB, and ftsZ genes and the 16S-to-23S ITS region of these B. clarridgeiae-like isolates and from the DNA extracted from the damaged cardiac valve of a dog with endocarditis confirmed that all of these strains belong to the new species "B. rochalimae," when compared to the only human isolate of "B. rochalimae" (Ն99.5% similarity). "B. rochalimae" was isolated from an American woman who presented with fever, rash, and splenomegaly (10) . She had a history of travel to Peru, where she sustained multiple insect bites. This is the first time that "B. rochalimae" has been identified in domestic and wild animals and the first report of "B. rochalimae" isolation from mammals in North America. The results of this study suggest that this new species of Bartonella is zoonotic and that it could occur in both wildlife species and domestic dogs in areas within and outside of California. It is also the first time that this new Bartonella species has been associated with a case of endocarditis, as previously reported in humans and dogs for many other Bartonella species (7). It is not unexpected that this new species of Bartonella is associated with disease in both dogs and humans, because dogs have been reported to become infected mainly by species of Bartonella known to be human pathogens and exhibit many of the same clinical manifestations (4). Endocarditis appears to be the most dramatic clinical expression of Bartonella infection in dogs (1, 2, 5, 7, 16) , and the spectrum of Bartonella species or subspecies involved is widening (8, 9, 18) . The canine endocarditis case included in this study is strongly suspected to have been caused by this newly identified Bartonella species. Factors supporting causation include a failure to isolate other bacteria by conventional blood culture and PCR amplification of the Bartonella DNA characterized above from the abnormal aortic valve, as well as a high Bartonella antibody titer (Ͼ1:512 in the present case) commonly observed in cases of endocarditis (18) . DNA sequences from the human "B. rochalimae" isolate and the Peruvian flea PCR product paired closely together in our phylogenetic analysis, as did sequences from the dog from rural northern California and the gray fox isolates from Humboldt County, reflecting small differences in gene sequences by geographical origin. The vector responsible for the transmission of this new species of Bartonella is unknown. However, the finding that DNA sequenced from a Pulex sp. flea collected in Peru (22) is a close match with ITS sequences from isolates in California supports a role for fleas as a potential vector. "B. rochalimae" and B. vinsonii subsp. berkhoffii DNAs have been identified in fleas (Pulex spp.) collected from the foxes sampled as part of the present study (11) , but further studies are needed to demonstrate vector competence.
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